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ABSTRACT : 

Previous studies of human immunodeficiency virus type 1 (HIV-1) envelope 
glycoprotein-mediated membrane fusion have focused on laboratory- adapted 
T-lympho tropic strains of the virus. The goal of this application was to 
develop a novel screening assay to characterize membrane fusion mediated by a 
primary HIV-1 isolate in comparison with a laboratory-adapted strain. To this end, 
a 

novel fusion assay was developed on the basis of the 
principle of resonance energy transfer, using HeLa cells stably 
transfected with gpl20/gp41 from the T-lympho tropic isolate HIV-1LA1 or the 
macrophage -tropic primary isolate HIV-1JR-FL . These cells fused with 
CD4+target cell lines with a tropism mirroring that of infection by the two 
viruses. Of particular note, HeLa cells expressing HIV-1JR-FL 

gpl20/gp41 fused only with PM1 cells, a clonal derivative of HUT 78, and not with 
other T-cell or macrophage cell lines. These results demonstrate that the 
envelope glycoproteins of these strains play a major role in mediating viral 
tropism. Despite significant differences exhibited by HIV-1JR-FL and HIV-1LAI 
in terms of tropism and sensitivity to neutralization by CD4 -based proteins, 
the present study found that membrane fusion mediated by the envelope 
glycoproteins of these viruses had remarkably similar properties. In 
particular, the degree and kinetics of membrane fusion were similar, fusion 
occurred at neutral pH and was dependent on the presence of divalent cations. 
The claimed invention will facilitate the screening and identification of novel 
agents that are capable of inhibiting these interactions. 
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ABSTRACT : 

Methods of identifying inhibitors of the fusion of two types of 
cells, particularly when fusion is mediated by the interaction of a viral 
protein and such cellular proteins as CD4 and chemokine receptors, are 
disclosed. The present invention is directed to methods of identifying 
***inhibitors*** of the fusion of two types of cells, one of which contains 
the enzyme p- lactamase and the other of which contains a fluorescent 
substrate of p-lactamase. The substrate is a compound comprising two 
moieties that are connected by a linker that is susceptible to cleavage by 
p-lactamase. Each moiety is independently fluorescent and the emission 
spectrum of one moiety overlaps the absorption spectrum of the other moiety. 
The mol . configuration of the substrate is such that, when the linker is 
intact, fluorescence resonance energy transfer (FRET) can occur between the two 
fluorescent moieties. When the linker has been cleaved by p-lactamase, 
the two moieties are no longer phys . linked and can thus diffuse apart. This 
results in FRET being either abolished or greatly diminished. After fusion, 
when the two cytoplasms have mixed, p-lactamase from one cell will cleave 
the substrate from the other cell, diminishing or abolishing FRET. Thus, the 
measurement of FRET can serve as a measure of the amount of fusion that has 
occurred between the two types of cells. The method is used to identify 
** inhibitors*** of fusion mediated by an HIV-1 Env protein in the 
cytoplasmic membrane of one cell and CD4 and a chemokine receptor in the 
cytoplasmic membrane of the other cell. The two cells serve as models for the 
fusion process that occurs during HIV-1 infection. The inhibitors 
identified using the present invention are expected to be useful as drugs to 
prevent or ameliorate the effects of HIV-1 infection and AIDS. 
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Human immunodeficiency virus type 1 entry 
inhibitors selected on living cells from a 
library of phage chemokines 
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ABSTRACT : 

The chemokine receptors CCR5 and CXCR4 are promising 

non-virus -encoded targets for human immuno- deficiency virus (HIV) therapy. We 
describe a selection procedure to isolate mutant forms of RANTES (CCL5) with 
antiviral activity considerably in excess of that of the native chemokine. The 
phage -displayed library of randomly mutated and N-terminally extended variants 
was screened by using live CCR5- expressing cells, and two of the 
selected mutants, PI and P2 , were further characterized. Both were 
significantly more potent HIV inhibitors than RANTES, with P2 being 
the most active (50% inhibitory concentration of 600 pM in a viral coat-mediated 
cell 

***fusion*** assay, complete protection of target cells against 

primary HIV type 1 strains at a concentration of 10 nM) . P2 resembles AOP-RANTES in 

that it is a superagonist of CCR5 and potently induces receptor 

sequestration. PI, while less potent than P2 , has the advantage of 

significantly reduced signaling activity via CCR5 (30% of that of 

RANTES). Addnl., both PI and P2 exhibit not only significantly increased 

affinity for CCR5 but also enhanced receptor selectivity, retaining 

only trace levels of signaling activity via CCR1 and CCR3 . The phage chemokine 

approach that was successfully applied here could be adapted to other 

chemokine -chemokine receptor systems and used to further improve the 

first -generation mutants reported in this paper. 
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Establishment of an HIV cell-cell fusion 
assay by using two genetically modified HeLa 
cell lines and reporter gene 
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ABSTRACT: 

Infection of human cells with the human immunodeficiency virus type I (HIV-1) 
can be mimicked by a fusion process between cells expressing the HIV envelope 
protein (Env) and cells expressing both human CD 4 together with the 
appropriate human chemokine receptors. In this study, a T-tropic HIV cell-cell 
***fusion*** assay was established that utilized CD4 , 
human CXCR4 and HIV NL4-3 gpl60 as fusion components and a T7 
polymerase-activated luciferase as a reporter system. The HeLa T4 
cells used, expressed CD 4 and CXCR4 , and the applied HeLa KS386 cells 
expressed HIV NL4-3 gpl60. By combining HeLa T4 cells with HeLa KS386 cells, 
an approx. about 100- to 300-fold increase in luciferase activity could be 
elicited relative to the control. The addition of anti-CD4 monoclonal 
antibody (Mab) (RPA-T4) or anti-CXCR4 Mab (12G5) in the assay significantly 
inhibited the fusion event; in contrast, an anti-CCR5 Mab (2D7) had 
no effect, indicating that the fusion assay was CD 4 

and CXCR4 dependent. In this report, fusion events could be monitored by both 
the luciferase reporter system and syncytia formation. Fusion events 
were monitored and compared using these two approaches. The luciferase 
***reporter*** system was found to be more sensitive than syncytia formation. 
Moreover, compared with previous HIV fusion models, such as using recombinant 
vaccinia viruses, this system has several advantages, including simplicity and 
sensitivity. Finally, the system provides a powerful tool to study fusion 
mechanisms mediated by T-tropic HIV gpl60, as well as to screen for 
fusion-blocking antibodies and antiviral agents . 



L12 ANSWER 3 OF 
ACCESSION NUMBER: 
DOCUMENT NUMBER : 
TITLE: 



AUTHOR (S) : 



CORPORATE SOURCE: 



SOURCE : 



5 CAPLUS COPYRIGHT 2004 ACS on STN 
2003:731875 CAPLUS 
140:138613 

Development of a novel high- throughput surrogate assay 
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-mediated viral/cell fusion using BacMam baculovirus 
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ABSTRACT : 

The initial event by which M-tropic HIV strains gain access to cells is via 
interaction of the viral envelope protein gpl20 with the host cell CCR5 
co-receptor and CD4 . Inhibition of this event reduces viral fusion 
and entry into cells in vitro. The authors have employed BacMam 
baculovirus -mediated gene transduction to develop a cell/cell fusion 
***assay*** that mimics the HIV viral/cell fusion process and allows 
high- throughput quantification of this fusion event. The assay design uses 
human osteosarcoma (HOS) cells stably transfected with cDNAs expressing 
***CCR5*** , CD4, and long terminal repeat (LTR) -luciferase as the 
recipient host cell. An HEK-293 cell line transduced with BacMam viral 
constructs to express the viral proteins gpl20, gp41, tat, and rev represents 
the virus. Interaction of gpl20 with CCR5/CD4 results in 

the fusion of the 2 cells and transfer of tat to the HOS cell cytosol; tat, in 
turn, binds to the LTR region on the luciferase reporter and 
activates transcription, resulting in an increase in cellular luciferase 
activity. In conclusion, the cell/cell fusion assay 

developed has been demonstrated to be a robust and reproducible high -throughput 
surrogate assay that can be used to assess the effects of compds . on gpl20/ 
***CCR5*** /CD4-mediated viral fusion into host cells. 
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ABSTRACT : 

The infection of human cells by HIV-1 virus can be mimicked by a fusion process 
between cells expressing the HIV envelope protein (Env) and cells expressing 
both human CD4 (huCD4) and appropriate human chemokine receptors. In 
this study, a macrophage -tropic (M-tropic) HIV cell-cell fusion 
***assay*** was established that utilized huCD4 , human CCR5 

(huCCR5) , and HIV ADAgpl60 as fusion components and a Gal4/VP16-activated 
luciferase as a reporter system. By combining CHO cells expressing huCD4 and 
huCCR5 with CHO cells expressing HIV ADAgpl60, a 300 -fold increase in 
luciferase activity could be elicited relative to control. No luciferase 
activity was detected when HXB2gpl60 (T-tropic) was used instead of ADAgpl60 

(M-tropic) as the fusion partner in the assay. Addition of anti-huCD4 (RPA-T4 ) or 
anti-huCCR5 (2D7) monoclonal antibodies in the assay inhibited the fusion 
event; in contrast, an anti-CXCR4 (12G5) monoclonal antibody had little effect, 
indicating that the fusion assay was huCD4 and huCCR5 

dependent. The cell-cell fusion occurred in a time -dependent manner; the maximum 
luciferase activity was detected about 8 h after mixing the cells. The fusion 
events could also be monitored by another reporter system in which Gal4/VP16 
activated green fluorescent protein (GFP) was used as the reporter instead of 
luciferase. In combination with fluorescence microscopy, the GFP reporter 
system allowed visualization of the fusion events in real time. Compared with 
previously described HIV fusion models, this system has several advantages, 
including simplicity, sensitivity, and the ability to allow continuous 
monitoring of the HIV cell-cell fusion event. Finally, this cell-cell fusion 
system is easily adapted to study other HIV fusion events. 
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ABSTRACT : 

Human (H) CCR5 is the primary coreceptor for ENV-mediated fusion by 

R5 strains of human immunodeficiency virus type 1, whereas mouse (M) 

***CCR5*** lacks this function. An array of 23 H/M-CCR5 hybrids 

containing increasing amts . of H-CCR5 extending from the N terminus 

generated by random chimeragenesis had a biphasic pattern of coreceptor 

activity with JRFL and 89.6, revealing active regions in the N-terminal 

extracellular domain (N-ED) and at the junction of cytoplasmic loop 3. The M- 

***CCR5*** mutant in which divergent residues were replaced with the 

corresponding H-CCR5 N-ED sequence (NyYTsE) gained coreceptor 

function in fusion but not infection expts. A M-CCR5 double mutant 

with substitution of human sequences for divergent residues from the N-ED and 

cytoplasmic loop 3 had augmented coreceptor activity in fusion 

***assays*** and gain of function in infection expts. The SIV-251 ENV 

utilized H- and M-CCR5 and variants. Flow cytometric anal, of M- 

***CCR5*** mutants and bifunctional receptors composed of CD4 

domains fused to M-CCR5 mutants excluded the possibility that 

differences in coreceptor activity resulted from variations in cell surface 

expression. Thus, the coreceptor activity of the H-CCR5 N-ED is 

modulated by intracellular residues, illustrating the complexity of 

***CCR5*** requirements for interaction with ENV. 
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ABSTRACT: 

Macrophage (M) -tropic HIV-1 isolates use the p-chemokine receptor 

***CCR5*** as a coreceptor for entry, while T cell line-adapted (TCLA) 

strains use CXCR4 and dual -tropic strains can use either CCR5 or 

CXCR4 . To investigate the viral determinants involved in choice of coreceptor, 

we used a fusion assay based on the infection of 

***CD4*** + HeLa cells that express one or both coreceptors with Semliki 
Forest virus (SFV) recombinants expressing the native HIV-1 gpl60 of a primary 
M-tropic isolate (HIV-1BX08) , a TCLA isolate (HIV-1LAI) , or a dual-tropic 
strain (HIV-1MN) . We examined whether the V3 region of these glycoproteins 
interacts directly with the corresponding coreceptors by assaying 
coreceptor-dependent cell-to-cell fusion mediated by the different recombinants 
in the presence of various synthetic linear peptides. Synthetic peptides 
corresponding to different V3 loop sequences blocked syncytium formation in a 
coreceptor-specif ic manner. Synthetic V2 peptides were also inhibitory for 
syncytium formation, but showed no apparent coreceptor specificity. A BX08 V3 
peptide with a D320 -> R substitution retained no inhibitory capacity for 
BX08 Env-mediated cell-to-cell fusion, but inhibited LAI Env-mediated fusion as 
efficiently as the homologous LAI V3 peptide. The same mutation engineered in 
the BX08 env gene rendered it able to form syncytia on CD4+CXCR4+ 
***CCR5*** - HeLa cells and susceptible to inhibition by SDF-la and 
MIP-1(3. Other substitutions tested (D320 -> Q/D324 -» N or 
S306 -> R) exhibited intermediate effects on coreceptor usage. These 
results underscore the importance of the V3 loop in modulating coreceptor 
choice and show that single amino acid modifications in V3 can dramatically 
modify coreceptor usage. Moreover, they provide evidence that linear V3 loop 
peptides can compete with intact cell surface-expressed gpl20/gp41 fo 
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ABSTRACT : 

The chemokine receptors CCR5 and CXCR4 , in combination with 
***CD4*** , mediate cellular entry of macrophage -tropic (M-tropic) and 
T-cell-tropic strains of human immunodeficiency virus type 1 (HIV-1) , resp., 
while dualtropic viruses can use either receptor. The authors have constructed 
a panel of chimeric viruses and envelope glycoproteins in which various domains 
of the dualtropic HIV-1DH12 gpl60 were introduced into the genetic background 
of an M-tropic HIV-1 isolate, HIV-1AD8. These constructs were employed in cell 
fusion and virus infectivity assays using peripheral blood mononuclear cells, 
MT4 T cells, primary monocyte -derived macrophages, or HOS-CD4 cell 
lines, expressing various chemokine receptors, to assess the contributions of 
different gpl2 0 subdomains in coreceptor usage and cellular tropism. As 
expected, the dualtropic HIV-1DH12 gp!20 utilized either CCR3 , CCR5 , 
or CXCR4, whereas HIV-1AD8 gpl2 0 was able to use only CCR3 or CCR5 . 
The authors found that either the V1/V2 or the V3 region of HIV-1DH12 gpl20 
individually conferred on HIV-1AD8 the ability to use CXCR4 , while the 
combination of both the V1/V2 and V3 regions increased the efficiency of CXCR4 
use. In addition, while the V4 or the V5 region of HIV-1DH12 gpl20 failed to 
confer the capacity to utilize CXCR4 on HIV-1AD8, these regions were required 
in conjunction with regions VI, to V3 of HIV-1DH12 gpl20 for efficient 
utilization of CXCR4 . Comparison of virus infectivity analyses with various 
cell types and cell fusion assays revealed assay-dependent 

discrepancies and indicated that events occurring at the cell surface during 
infection are complex and cannot always be predicted by any one assay. 
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ABSTRACT: 

The CC chemokine receptors CCR5, CCR2 , and CCR3 and the CXC chemokine 
receptor CXCR4 have been implicated as CD4 -associated cof actors in the 
entry of primary and cell line -adapted human immunodeficiency virus type 1 
(HIV-1) strains. CXCR4 is also a receptor for T-cell-line-adapted, CD4 
-independent strains of HIV-2. With the exception of this latter example, 
little has been reported on the entry cof actors used by HIV-2 strains. Here 
the authors show that a CD4 -dependent , T-cell-line-adapted HIV-2 
strain uses CXCR4 and, to a lesser extent, CCR3 for fusion with and infectious 
entry into cells. In a cell-to-cell fusion assay, the 

envelope protein of this virus can utilize a wider repertoire of chemokine 

receptors to induce fusion. These include CCR1, CCR2 , CCR3 , CCR4 , CCR5 

, CXCR2, and CXCR4 . Kinetic anal, indicated that cell lines expressing the 

receptors that support infection, CXCR4 and CCR3 , form syncytia more rapidly 

than do cell lines expressing the other receptors. Nevertheless, although less 

efficient, fusion with CXCR2 expressing cells was specific, since it was 

inhibited by antibodies against CXCR2 . The extensive use of chemokine 

receptors in cell-to-cell fusion has implications for understanding the mol . 

basis of CD4 -chemokine receptor- induced lentivirus fusion and may 

have relevance for syncytium formation and the direct cell-to-cell transfer of 

virus in vivo. 
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ABSTRACT: 

Nucleic acid-based drugs, including antisense RNA and DNA, ribozymes and decoys 

appear to have potential for the suppression of the expression of specific 

genes. To allow the examination of the potential of such agents in vivo as anti-HIV 

drugs in standard labs., where facilities for handling live virions are not 

available, we constructed a simple assay system (HIV-1 model) that allows 

measurement of the extent of inhibition of Tat-mediated transcription of HIV-1 

by nucleic acid-based drugs and other agents. In cells that harbor a stable 

chimeric long terminal repeat (LTR) -Luc construct (a fusion gene 

consisting of the LTR of HIV-1 and the gene for lucif erase) , total 

luciferase activity in an aliquot of cell lysate is dose- and 

promoter-dependent on transfection with a Tat expression plasmid, reflecting 

the character of the LTR promoter of HIV. When HeLa cells 

were co-transf ected with the Tat expression plasmid and another plasmid that 
encoded the U6 promoter or the promoter of the gene for tRNAVal linked to the 
trans-activating response (TAR) sequence, total luciferase activity was 
inhibited by 60 or 40%, resp. The inhibition was also dependent on the dose of 
the TAR expression plasmid. These results demonstrate the usefulness of this 
simple assay system for detection of the efficacy of a decoy RNA or a ribozyme 
in vivo, without a requirement for HIV-infected cells, 
luciferase activity in vitro. 
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ABSTRACT: 

Human immunodeficiency virus type 1 (HIV-1) envelope glycoproteins present at 
the surface of infected cells are known to mediate fusion with CD4-pos. target 
cells. In this study we have developed a novel Env- expressing cell line for 
investigating the fusion process in a biol . significant system. Cell surface 
expression of the HIV-1 env gene, isolated from the highly fusogenic strain 
SF33, was obtained in the CD4-neg. T cell line A2.01. To render the system 
versatile and efficient, HIV-1 regulatory proteins Tat and Rev were supplied in 
trans. The presence of Env at the cell surface was shown by cytof luorometry 
and immunofluorescence and precursor processing of gpl60 to gpl20/gp41 was 
demonstrated by Western blot. The fusion capacity of A2.01-Env cells was 
assessed by coculture with CD4-pos. T lymphocytes or the fusion indicator cell 
line, HeLa-CD4 -LTR- p-Gal . By coincubation with 

CD4-pos. T cells such as SupTl, A2.01-Env cells were observed to mediate rapidly 
numerous well-defined syncytia in a reproducible fashion. By expressing Tat, 
they also had the capacity to trans-activate the LTR-linked reporter 
p-Gal gene following fusion with HeLa-CD4 -LTR 

-p-Gal cells. The fusion-inhibiting anti-CD4 monoclonal antibodies Q425 
and Q428 were used to block specifically Env-mediated fusion with CD4-pos. 
cells and to demonstrate application of this system to the search for potential 
fusion-blocking agents. Our system thus offers a biol. significant model for 
studying fusion events with the advantages of being rapid, reproducible, and 
versatile . 
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ABSTRACT : 

Human immunodeficiency virus type 1 (HIV-l) envelope glycoproteins present at 
the surface of infected cells are known to mediate fusion with CD4-pos. target 
cells. In this study we have developed a novel Env- expressing cell line for 
investigating the fusion process in a biol . significant system. Cell surface 
expression of the HIV-l env gene, isolated from the highly fusogenic strain 
SF33, was obtained in the CD4-neg. T cell line A2.01. To render the system 
versatile and efficient, HIV-l regulatory proteins Tat and Rev were 
supplied in trans. The presence of Env at the cell surface was shown by 
cytof luorometry and immunofluorescence and precursor processing of gpl60 to 
gpl20/gp41 was demonstrated by Western blot. The fusion capacity of A2.01-Env 
cells was assessed by coculture~wxth-eD4 -pos . T lymphocytes or the fusion 
indicator cell line, HeLa-CD4 -LTR-p_-Gal . By coincubation with 

CD4-pos. T cells sucn^asTlSupTl , A2.01-Env cells were observed to mediate rapidly 
numerous well-defined syncytia in a reproducible fashion. By expressing 
***Tat*** , they also had the capacity to trans -activate the LTR-linked 
reporter p-Gal gene following fusion with HeLa 

-CD4-LTR-p-Gal cells. The fusion-inhibiting anti-CD4 monoclonal 
antibodies Q425 and Q428 were used to block specifically Env-mediated fusion 
with CD4-pos. cells and to demonstrate application of this system to the search 
for potential fusion-blocking agents. Our system thus offers a biol. 
significant model for studying fusion events with the advantages of being 
rapid, reproducible, and versatile. 
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ABSTRACT: 

The human immunodeficiency virus (HIV) fusion inhibitor siamycin I, a 
21-residue tricyclic peptide, was identified from a Streptomyces culture by 
using a cell fusion assay involving cocultivation of 

***HeLa*** -CD4+ cells and monkey kidney (BSC-1) cells expressing the HIV 
envelope gpl60. Siamycin I is effective against acute HIV type 1 (HIV-1) and 
HIV-2 infections, with 50% EDs ranging from 0.05 to 5.7 p.M, and the concentration 
resulting in a 50% decrease in cell viability in the absence of viral infection 
is 150 uM in CEM-SS cells. Siamycin I inhibits fusion between C8166 cells 
and CEM-SS cells chronically infected with HIV (50% ED of 0.08 uM) but has 
no effect on Sendai virus -induced fusion or murine myoblast fusion. Siamycin I 
does not inhibit gpl2 0 binding to CD4 in either gpl2 0- or CD4 -based capture 
enzyme-linked immunosorbent assays. Inhibition of HIV-induced fusion by this 
compound is reversible, suggesting that siamycin I binds noncovalently . An HIV-1 
resistant variant was selected by in vitro passage of virus in the presence of 
increasing concns . of siamycin I . Drug susceptibility studies on a chimeric 
virus containing the envelope gene from the siamycin I-resistant variant indicate 
that resistance maps to the gpl60 gene. Envelope-deficient HIV complemented 
with gpl60 from siamycin I-resistant HIV also displayed a resistant phenotype 
upon infection of HeLa-CD4 -LTR-p-gal cells. A 

comparison of the DNA sequences of the envelope genes from the resistant and 
parent viruses revealed a total of six amino acid changes. Together these 
results indicate that siamycin I interacts with the HIV envelope protein. 
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ABSTRACT : 

The human immunodeficiency virus (HIV) fusion inhibitor siamycin I, a 
21-residue tricyclic peptide, was identified from a Streptomyces culture by 
using a cell fusion assay involving cocultivation of 

***HeLa*** -CD4+ cells and monkey kidney (BSC-1) cells expressing the HIV 
envelope gpl60. Siamycin I is effective against acute HIV type 1 (HIV-1) and 
HIV-2 infections, with 50% EDs ranging from 0.05 to 5.7 |aM, and the concentration 
resulting in a 50% decrease in cell viability in the absence of viral infection 
is 150 nM in CEM-SS cells. Siamycin I inhibits fusion between C8166 cells 
and CEM-SS cells chronically infected with HIV (50% ED of 0.08 n-M) but has 
no effect on Sendai virus-induced fusion or murine myoblast fusion. Siamycin I 
does not inhibit gpl20 binding to CD 4 in either gpl20- or CD4 -based capture 
enzyme-linked immunosorbent assays. Inhibition of HIV-induced fusion by this 
compound is reversible, suggesting that siamycin I binds noncovalently . An HIV-1 
resistant variant was selected by in vitro passage of virus in the presence of 
increasing concns . of siamycin I. Drug susceptibility studies on a chimeric 
virus containing the envelope gene from the siamycin I -resistant variant indicate 
that resistance maps to the gpl60 gene. Envelope -de ficient HIV complemented 
with gpl60 f rom^si :amy cin_I ^resistant HIV also^^i^l^yed~a~r^i^tant^phenotype 
upon infection" 6l:T:i^La-CD4-K A comparison of the 

DNA sequences of the envelope genes from the resistant and parent viruses 
revealed a total of six amino acid changes. Together these results indicate 
that siamycin I interacts with the HIV envelope protein. 
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ABSTRACT : 

Human immunodeficiency virus type 1 (HIV-1) envelope glycoproteins present at 
the surface of infected cells are known to mediate fusion with CD4-pos. target 
cells. In this study we have developed a novel Env- expressing cell line for 
investigating the fusion process in a biol . significant system. Cell surface 
expression of the HIV-1 env gene, isolated from the highly fusogenic strain 
SF33, was obtained in the CD4-neg. T cell line A2.01. To render the system 
versatile and efficient, HIV-1 regulatory proteins Tat and Rev were supplied in 
trans. The presence of Env at the cell surface was shown by cytof luorometry 
and immunofluorescence and precursor processing of gpl60 to gpl2 0/gp41 was 
demonstrated by Western blot. The fusion capacity of A2.01-Env cells was 
assessed by coculture with CD4-pos. T lymphocytes or the fusion indicator cell 
line, HeLa-CD4 -LTR-p-Gal . By coincubation with CD4-pos. T cells 
such as SupTl, A2.01-Env cells were observed to mediate rapidly numerous 
well-defined syncytia in a reproducible fashion. By expressing Tat, they also 
had the capacity to trans-activate the LTR-linked reporter p-Gal gene 
following fusion with HeLa-CD4 -LTR-p-Gal cells. The 

fusion-inhibiting anti-CD4 monoclonal antibodies Q425 and Q42 8 were used to 
block specifically Env-mediated fusion with CD4-pos. cells and to demonstrate 
application of this system to the search for potential fusion-blocking agents. 
Our system thus offers a biol. significant model for studying fusion events 
with the advantages of being rapid, reproducible, and versatile. 
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ABSTRACT : 

Infection of human cells with the human immunodeficiency virus type I (HIV-1) 
can be mimicked by a fusion process between cells expressing the HIV envelope 
protein (Env) and cells expressing both human CD4 together with the appropriate 
human chemokine receptors. In this study, a T-tropic HIV cell-cell 
***fusion*** assay was established that utilized CD4, human CXCR4 
and HIV NL4-3 gpl60 as fusion components and a T7 polymerase-activated 
luciferase as a reporter system. The HeLa T4 cells used, expressed 
CD4 and CXCR4, and the applied HeLa KS386 cells expressed HIV NL4-3 
gpl60. By combining HeLa T4 cells with HeLa KS386 cells, 

an approx. about 100- to 300-fold increase in luciferase activity could be 
elicited relative to the control. The addition of anti-CD4 monoclonal antibody 
(Mab) (RPA-T4 ) or anti-CXCR4 Mab (12G5) in the assay significantly inhibited 
the fusion event; in contrast, an anti-CCR5 Mab (2D7) had no effect, indicating 
that the fusion assay was CD4 and CXCR4 dependent. In this 

report, fusion events could be monitored by both the luciferase reporter system 
and syncytia formation. Fusion events were monitored and compared using these 
two approaches. The luciferase reporter system was found to be more sensitive 
than syncytia formation. Moreover, compared with previous HIV fusion models, 
such as using recombinant vaccinia viruses, this system has several advantages, 
including simplicity and sensitivity. Finally, the system provides a powerful 
tool to study fusion mechanisms mediated by T-tropic HIV gpl60, as well as to 
screen for fusion-blocking antibodies and antiviral agents . 
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ABSTRACT : 

Macrophage (M) -tropic HIV-1 isolates use the p-chemokine receptor CCR5 as 
a coreceptor for entry, while T cell line-adapted (TCLA) strains use CXCR4 and 
dual -tropic strains can use either CCR5 or CXCR4 . To investigate the viral 
determinants involved in choice of coreceptor, we used a fusion 
***assay*** based on the infection of CD4+ HeLa cells that express 
one or both coreceptors with Semliki Forest virus (SFV) recombinants expressing 
the native HIV-1 gpl60 of a primary M-tropic isolate (HIV-1BX08) , a TCLA 
isolate (HIV-1LAI) , or a dual -tropic strain (HIV-1MN) . We examined whether the 
V3 region of these glycoproteins interacts directly with the corresponding 
coreceptors by assaying coreceptor-dependent cell-to-cell fusion mediated by 
the different recombinants in the presence of various synthetic linear 
peptides. Synthetic peptides corresponding to different V3 loop sequences 
blocked syncytium formation in a coreceptor-specif ic manner. Synthetic V2 
peptides were also inhibitory for syncytium formation, but showed no apparent 
coreceptor specificity. A BX08 V3 peptide with a D320 -> R substitution 
retained no inhibitory capacity for BX08 Env-mediated cell-to-cell fusion, but 
inhibited LAI Env-mediated fusion as efficiently as the homologous LAI V3 
peptide. The same mutation engineered in the BX08 env gene rendered it able to 
form syncytia on CD4 +CXCR4 +CCR5 - HeLa cells and susceptible to 
inhibition by SDF-la and MIP-lp. Other substitutions tested (D320 
^ Q/D324 -> N or S306 -> R) exhibited intermediate effects 

on coreceptor usage. These results underscore the importance of the V3 loop in 
modulating coreceptor choice and show that single amino acid modifications in 
V3 can dramatically modify coreceptor usage. Moreover, they provide evidence 
that linear V3 loop peptides can compete with intact cell surface-expressed 
gpl2 0/gp41 for CCR5 or CXCR4 interaction 
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ABSTRACT : 

Previous studies of human immunodeficiency virus type 1 (HIV-1) envelope 
glycoprotein-mediated membrane fusion have focused on laboratory adapted 
T-lympho tropic strains of the virus. The goal of this study was to 
characterize membrane fusion mediated by a primary HIV-1 isolate in comparison 
with a laboratory adapted strain. To this end, a new fusion assay 
was developed on the basis of the principle of resonance energy transfer, using 
***HeLa*** cells stably transfected with gpl20/gp41 from the T-lympho tropic 
isolate HIV-1LAI or the macrophage -tropic primary isolate HIV-1JR-FL. These 
cells fused with CD4 + target cell lines with a tropism mirroring that of 
infection by the two viruses. Of particular note, HeLa cells 

expressing HIV-1JR-FL gpl20/gp41 fused only with PM1 cells, a clonal derivative of 
HUT 78, and not with other T-cell or macrophage cell lines. These results 
demonstrate tht the envelope glycoproteins of these strains play a major role 
in mediating viral tropism. Despite significant differences exhibited by 
HIV-1JR-FL and HIV-1LAI in terms of tropism and sensitivity to neutralization 
by CD4 -based proteins, the present study found that membrane fusion mediated by 
the envelope glycoproteins of these viruses had remarkably similar properties. 
In particular, the degree and kinetics of membrane fusion were similar,- fusion 
occurred at neutral pH and was dependent on the presence of divalent cations. 
Inhibition of HIV-1JR-FL envelope glycoprotein-mediated membrane fusion by soluble 
CD4 and CD4-IgG2 occurred at conens . similar to those required to neutralize 
this virus. Higher conens. of these agents were required to inhibit HIV-1LAI 
envelope glycoprotein-mediated membrane fusion, in contrast to the greater 
sensitivity of HIV-1LAI virions to neutralization by soluble CD4 and CD4-IgG2. 
This finding suggests that the mechanisms of fusion inhibition and 
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ABSTRACT : 

The chemokine receptors CCR5 and CXCR4 , in combination with CD4 , mediate 
cellular entry of macrophage -tropic (M-tropic) and T-cell-tropic strains of 
human immunodeficiency virus type 1 (HIV-1) , resp., while dualtropic viruses 
can use either receptor. The authors have constructed a panel of chimeric 
viruses and envelope glycoproteins in which various domains of the dualtropic 
HIV-1DH12 gpl60 were introduced into the genetic background of an M-tropic 
HIV-1 isolate, HIV-1AD8. These constructs were employed in cell fusion and 
virus infectivity assays using peripheral blood mononuclear cells, MT4 T cells, 
primary monocyte -derived macrophages, or HOS-CD4 cell / 
lines, expressing various chemokine receptors, to assess the contributions of 
different gpl20 subdomains in coreceptor usage and cellular tropism. As 
expected, the dualtropic HIV-1DH12 gpl20 utilized either CCR3 , CCR5 , or CXCR4 , 
whereas HIV-1AD8 gpl20 was able to use only CCR3 or CCR5 . The authors found 
that either the V1/V2 or the V3 region of HIV-1DH12 gpl2 0 individually 
conferred on HIV-1AD8 the ability to use CXCR4 , while the combination of both 
the V1/V2 and V3 regions increased the efficiency of CXCR4 use. In addition, 
while the V4 or the V5 region of HIV-1DH12 gpl20 failed to confer the capacity 
to utilize CXCR4 on HIV-1AD8, these regions were required in conjunction with 
regions VI to V3 of HIV-1DH12 gpl20 for efficient utilization of CXCR4 . 
Comparison of virus infectivity analyses with various cell types and cell 
***fusion*** assays revealed assay-dependent discrepancies and 
indicated that events occurring at the cell surface during infection are 
complex and cannot always be predicted by any one assay. 
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ABSTRACT : 

We established a human immunodeficiency virus type 1 (HIV-1) envelope 
(Env) -mediated membrane fusion assay and examined the 
small-mol. CCR5 antagonist TAK-779 and its derivs . for their 

inhibitory effects on HIV-1 Env-mediated membrane fusion and viral replication. 
The membrane fusion assay is based on HIV-1 long terminal 
repeat-directed p-D-galactosidase reporter gene expression in CD4- and 
***CCR5*** -expressed HeLa (MAGI-CCR5) cells after cocultivation 
with effector 293T cells expressing HIV-1 Env. Inhibition of HIV-1 replication 
was also determined in MAGI-CCR5 cells infected with the corresponding 
cell-free HIV-1. TAK-779 effectively suppressed R5 HIV-1 (strain JR-FL) 
Env-mediated membrane fusion as well as viral replication. Its 50% inhibitory 
concns . (ICSOs) for membrane fusion and viral replication were 0.87+0.11 and 
1.4±0.1 nM, resp. These values corresponded well to the IC50 for 
125I-RANTES (regulated on activation, T cell expressed, and secreted) binding 
to CCR5 (1.4 nM) . The inhibitory effects of 18 TAK-779 derivs. on 
membrane fusion differed from one compound to another. However, there was a 
close correlation among their inhibitory effects on membrane fusion, viral 
replication, and RANTES binding. The correlation coefficient between their IC50s 
for membrane fusion and viral replication was 0.881. Furthermore, since this 
assay depends on Env expressed in the effector cells, it is also applicable to 
the evaluation of CXCR4 antagonists. These results indicate that the HIV-1 
Env-mediated membrane fusion assay is a useful tool for the 
evaluation of entry inhibitors 
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ABSTRACT : 

The chemokine receptors CCR5 and CXCR4 are promising 
non-virus -encoded targets for human immuno- deficiency virus 

describe a selection procedure to isolate mutant forms of RANTES (CCL5) with 
antiviral activity considerably in excess of that of the native chemokine. The 
phage-displayed library of randomly mutated and N-terminally extended variants 
was screened by using live CCR5 -expressing cells, and two of the 
selected mutants, PI and P2 , were further characterized. Both were 
significantly more potent HIV inhibitors than RANTES, with P2 being 
the most active (50% inhibitory concentration of 600 pM in a viral coat -mediated 
cell 

***fusion*** assay, complete protection of target cells against 

primary HIV type 1 strains at a concentration of 10 nM) . P2 resembles AOP-RANTES in 

that it is a superagonist of CCR5 and potently induces receptor 

sequestration. PI, while less potent than P2 , has the advantage of 

significantly reduced signaling activity via CCR5 (30% of that of 

RANTES). Addnl., both PI and P2 exhibit not only significantly increased 

affinity for CCR5 but also enhanced receptor selectivity, retaining 

only trace levels of signaling activity via CCR1 and CCR3 . The phage chemokine 

approach that was successfully applied here could be adapted to other 

chemokine -chemokine receptor systems and used to further improve the 

first-generation mutants reported in this paper. 
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ABSTRACT: 

The chemokine receptors CCR5 and CXCR4 , in combination with CD4 , mediate 
cellular entry of macrophage -tropic (M-tropic) and T-cell-tropic strains of 
human immunodeficiency virus type 1 (HIV-1) , resp., while dualtropic viruses 
can use either receptor. The authors have constructed a panel of chimeric 
viruses and envelope glycoproteins in which various domains of the dualtropic 
HIV-1DH12 gpl60 were introduced into the genetic background of an M-tropic 
HIV-1 isolate, HIV-1AD8. These constructs were employed in cell fusion and 
virus infectivity assays using peripheral blood mononuclear cells, MT4 T cells, 
primary monocyte -derived macrophages, or HOS-CD4 cell lines, 
expressing various chemokine receptors, to assess the contributions of 
different gpl2 0 subdomains in coreceptor usage and cellular tropism. As 
expected, the dualtropic HIV-1DH12 gpl2 0 utilized either CCR3 , CCR5, or CXCR4 , 
whereas HIV-1AD8 gpl2 0 was able to use only CCR3 or CCR5 . The authors found 
that either the V1/V2 or the V3 region of HIV-1DH12 gpl2 0 individually 
conferred on HIV-1AD8 the ability to use CXCR4 , while the combination of both 
the V1/V2 and V3 regions increased the efficiency of CXCR4 use. In addition, 
while the V4 or the V5 region of HIV-1DH12 gpl20 failed to confer the capacity 
to utilize CXCR4 on HIV-1AD8, these regions were required in conjunction with 
regions VI to V3 of HIV-1DH12 gpl20 for efficient utilization of CXCR4 . 
Comparison of virus infectivity analyses with various cell types and cell 
***fusion*** assays revealed assay-dependent discrepancies and 
indicated that events occurring at the cell surface during infection are 
complex and cannot always be predicted by any one assay. 
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ABSTRACT : 

The initial event by which M-tropic HIV strains gain access to cells is via 
interaction of the viral envelope protein gpl20 with the host cell CCR5 
co-receptor and CD4 . Inhibition of this event reduces viral fusion and entry 
into cells in vitro. The authors have employed BacMam baculovirus -mediated 
gene transduction to develop a cell/cell fusion assay that 
mimics the HIV viral/cell fusion process and allows high -throughput 
quantification of this fusion event. The assay design uses human osteosarcoma 
(HOS) cells stably transfected with cDNAs expressing CCR5, CD4 , and 
long terminal repeat (LTR) -lucif erase as the recipient host cell. An HEK-293 
cell line transduced with BacMam viral constructs to express the viral proteins 
gpl20, gp41, tat, and rev represents the virus. Interaction of gpl20 with 
CCR5/CD4 results in the fusion of the 2 cells and transfer of tat to the 
***HOS*** cell cytosol; tat, in turn, binds to the LTR region on the 
luciferase reporter and activates transcription, resulting in an increase in 
cellular luciferase activity. In conclusion, the cell/cell fusion 
***assay*** developed has been demonstrated to be a robust and reproducible 
high- throughput surrogate assay that can be used to assess the effects of 
compds. on gpl20/CCR5/CD4 -mediated viral fusion into host cells. 
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ABSTRACT : 

A review with 15 refs. Specific chemokines can block HIV entry and replication 
because they antagonize the common strategy of lentiviruses to use chemokine 
receptors for infecting CD4+ cells of the body, especially lymphocytes and cells 
the monocytic lineage. This raised intense academic and therapeutic interest. 
The antiviral potency of these chemokines is indeed remarkable, but depends on 
the chemokine and the HIV isolate used. This is because HIV appears to use 
many co- receptors , alternatively or in addition to the CCR5 co-receptor. These 
include CCR3 , CXCR4 , STRL3 3 / Bonzo/TYMSTR , and BOB. The CC chemokines 
***RANTES*** , MlP-la, MIP-lp, and eotaxin can suppress the 
replication of CCR5- and CCR3 -dependent viruses, while SDF-1 a/p 
suppresses that of CXCR4- dependent strains. Although no general rule can be 
drawn at present, it appears that chronic HIV infection may give rise to 
viruses which, instead of using preferentially or exclusively CCR5 , are capable 
of using more than one co-receptor. This underlines the need for assaying the 
tropism of primary isolates, using both fusion assays and 

protection of activated lymphocyte cultures by one or more antiviral chemokines 
or chemokine antagonists. 
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RANTES is a member of a large supergene family of pro- inflammatory 
cytokines called CC chemokines that appear to play a fundamental role in 
inflammatory processes. The RANTES protein causes release of 
histamine from basophils and is a chemoattractant for CD45RO/CD4+ "memory" T 
lymphocytes, monocytes, and eosinophils. Although expression of RANTES 
was first thought to be limited to activated T cells, recent data have shown 
that it is produced by a variety of tissue types in response to specific 
stimuli. RANTES mRNA is expressed late (3 to 5 days) after 
activation of resting T cells whereas in fibroblasts, renal epithelial and 
mesangial cells, RANTES mRNA is quickly up-regulated by TNF-a 
stimulation. In order to gain a better understanding of the mol . mechanisms 
that regulate expression of the RANTES locus, the authors have 
characterized the RANTES gene and determined a putative promoter region. 
The RANTES gene spans approx. 7 . 1 kb and is composed of three exons 
of 133, 112 and 1075 bases and two introns of approx. 1.4 and 4.4 kb with the 
position of intron/exon boundaries conserved relative to the other CC chemokine 
family members. Approx. 1 kb of DNA from the immediate 5' upstream region of 
***RANTES*** was sequenced and found to contain a large number of potential 
consensus elements for specific T cell/hemopoietic , myeloid, muscle, and 
ubiquitously expressed DNA-binding factors. RANTES 
-promoter- lucif erase gene fusion assays demonstrate high 
levels of reporter gene activity in a "mature" T cell line Hut78, the 
erythroleukemic cell line HEL, and the rhabdomyosarcoma cell line RD, with 
little or no activity in the "early" T cell line Jurkat, the yST 
cell line PEER, the thymic tumor Molt4, or the pre-erythroid cell line K562. 
Deletion anal, of the promoter region indicates that different transcriptional 
mechanisms control expression of RANTES in the various tissues 
studied. 
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by these findings are now being pursued to obtain information regarding 
the relative locations of the active sites of HN and to further elucidate 
the relationship between the receptor-binding and receptor-destroying 
activities of HN during the viral life cycle. The quantitative assay that 
we describe is of immediate applicability to large-scale screening for 
potential inhibitors of HPF3 infection in vivo. 
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AB Human immunodeficiency virus type 1 (HIV-1) envelope glycoproteins present 
at the surface of infected cells are known to mediate fusion with 
CD4 -positive target cells. In this study we have developed a novel 
Env -expressing cell line for investigating the fusion process in a 
biologically significant system. Cell surface expression of the HIV-1 env 
gene, isolated from the highly fusogenic strain SF3 3, was obtained in the 
CD4 -negative T cell line A2.01. To render the system versatile and 
efficient, BIV-1 regulatory proteins Tat and Rev were supplied 
in trans. The presence of Env at the cell surface was shown by 
'cytof luorometry and immunofluorescence and precursor processing of gpl60 
to gpl20/gp41 was demonstrated by Western blot. The fusion capacity of 
A2.01-Env cells was assessed by coculture with CD4-positive T lymphocytes 
or the fusion indicator cell line, HeLa-CD4 -LTR-beta-Gal . By 
coincubation with CD4 -positive T cells such as SupTl, A2.01-Env cells were 
observed to mediate rapidly numerous well-defined syncytia in a 
reproducible fashion. By expressing Tat, they also had the 
capacity to trans -activate the LTR-linked reporter beta-Gal gene following 
fusion with HeLa-CD4 -LTR-beta-Gal cells. The fusion-inhibiting 
anti-CD4 monoclonal antibodies Q425 and Q428 were used to block 
specifically Env-mediated fusion with CD4 -positive cells and to 
demonstrate application of this system to the search for potential 
fusion-blocking agents. Our system thus offers a biologically significant 
model for studying fusion events with the advantages of being rapid, 
reproducible, and versatile. 
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AB A review. In recent years, significant progress has been made towards the 
chemotherapy (and prophylaxis) of HIV infections. This progress is 
situated at three different levels, (i) New anti-HIV drugs have been 
approved for clin. use and have entered the market: the virus 
entry inhibitor enfuvirtide (Fuzeon) , the nucleoside 
reverse transcriptase inhibitor (NRTI) emtricitabine (Emtriva) , the 
nucleotide reverse transcriptase inhibitor (NtRTI) tenofovir disoproxil 
fumarate (Viread) and the HIV protease inhibitor (PI) atazanavir 

(Reyataz) . (ii) Other compds . have proceeded through preclin. and/or clin. 
development: CXCR4 antagonists (i.e. AMD070) , CCR5 antagonists 

(i.e. SCH-C) , NRTIs (such as amdoxovir) , NNRTIs (such as etravirine) , 
integrase inhibitors (such as S-1360) and Pis (such as tipranavir) . (iii) 
Yet other compds., acting by novel mechanisms, have recently been 
identified as anti-HIV agents that seem worthy of further (pre) clin. 
development: cell receptor CD 4 down-modulators (i.e. 

cyclotriazadisulf onamides) , viral envelope gpl20-binding agents such as 
plant lectins and glycopeptide antibiotics, HIV integrase inhibitors such 
as the pyranodipyrimidine V-165, and two new classes of compds. (i.e. 
N-aminoimidazoles and pyridine oxide derivs . ) which seem to interfere with 
a post-integration, transcription transactivation event. Taken together, 
it is obvious that the approaches for the treatment of HIV infections in 
recent years have become both more diverse and more efficient. 
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The human immunodeficiency virus (HIV) envelope glycoprotein forms trimers 
on the virion surface, with each monomer consisting of two subunits, gpl2 0 
and gp41. The gpl20 envelope component binds to CD4 on target cells and 
undergoes conformational changes that allow gpl20 to interact with certain 
G-protein-coupled receptors (GPCRs) on the same target membranes. The 
GPCRs that function as HIV coreceptors were found to be chemokine 
receptors. The primary coreceptors are CCR5 and CXCR4, but several other 
chemokine receptors were identified as "minor coreceptors", indicating 
their ability support entry of some HIV strains in tissue cultures. 
Formation of the trimolecular complexes stabilizes virus binding and 
triggers a series of conformational changes in gp41 that facilitate 
membrane fusion and viral cell entry.' Concerted efforts are underway to 
decipher the specific interactions between gpl20/CD4, gpl2 0/coreceptors , 
and their contributions to the subsequent membrane fusion process. It is 
hoped that some of the transient conformational intermediates in gpl2 0 and 
gp41 would serve as targets for entry inhibitors. In addition, the CD4 
and coreceptors are primary targets for several classes of inhibitors 
currently under testing. Our review summarizes the current knowledge on 
the interactions of HIV gpl20 with its receptor and coreceptors, and the 
important properties of the chemokine receptors and their regulation in 
primary target cells. We also summarize the classes of coreceptor 
inhibitors under development. 
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AB Inhibitors of HIV-1 entry disrupt interactions between the viral envelope 
proteins (gpl20SU, gp41TM) and the cell surface receptor (CD4) , or 
co-receptors (CCR5, CXCR4) . To accelerate the development of 
these promising new drugs, and to assist physicians in the selection of 
appropriate treatment regimens, a recombinant virus assay was developed to 
assess entry inhibitor susceptibility and co-receptor tropism. The assay 
is performed by: a) generating HIV-1 particles that carry a firefly 
luciferase gene and are pseudotyped with patient virus encoded envelope 
proteins, b) infecting cells expressing CD 4 plus CCR5 and/or CXCR4 
, and c) measuring luciferase production resulting from a single round of 
virus replication. Co-receptor tropism (X4 , R5 , dual) is defined by 
assessing the ability of the pseudotyped viruses to infect CD4-CCR5 or 
CD4-CXCR4 cells. Dose dependent inhibition of R5 virus 
infection by R5 inhibitors is measured using CD4-CCR5 or CD4 -CCR5- 
CXCR4 cells. Similarly, inhibition of X4 virus infection is 
measured using CD4-CXCR4 or CD4 - CCR5 - CXCR4 cells. 
When tested separately on CD4 -CCR5 -CXCR4 cells, R5 and X4 

inhibitors do not fully block dual tropic virus infection. Susceptibility 
to fusion inhibitors can be measured in CD4 cells expressing one or both 
co-receptors. The ICBOs of X4, R5 and fusion inhibitors vary when a 
single virus is tested on different cell lines and correlate with 
co-receptor expression. In a given cell line, the ICSOs of R5 , X4 and 
fusion inhibitors vary up to 40-fold among drug naive viruses. The assay 
can evaluate envelope proteins from a variety of HIV-1 subtypes (A, B, C, 
D, F, G) . This study demonstrates that X4 , R5 co-receptor tropism and 
virus entry inhibitor susceptibility are 

amenable to evaluation with recombinant virus assays. This rapid, 
convenient assay can also be used to measure antibody neutralization 
elicited by HIV vaccine candidates. 
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AB Inhibitors of HIV-1 entry disrupt interactions between the viral envelope 
proteins (gpl20SU, gp41TM) and the cell surface receptor (CD4) , or 
co-receptors (CCR5 , CXCR4) . To accelerate the development of 
these promising new drugs, and to assist physicians in the selection of 
appropriate treatment regimens, a recombinant virus assay was developed to 
assess entry inhibitor susceptibility and co-receptor tropism. The assay 
is performed by: a) generating HIV-1 particles that carry a firefly 
luciferase gene and are pseudotyped with patient virus encoded envelope 
proteins, b) infecting cells expressing CD4 plus CCR5 and/or CXCR4 
, and c) measuring luciferase production resulting from a single round of 
virus replication. Co-receptor tropism (X4, R5, dual) is defined by 
assessing the ability of the pseudotyped viruses to infect CD4-CCR5 or 
CD4 -CXCR4 cells. Dose dependent inhibition of R5 virus 
infection by R5 inhibitors is measured using CD4-CCR5 or CD4-CCR5- 
CXCR4 cells. Similarly, inhibition of X4 virus infection is 
measured using CD4-CXCR4 or CD4 - CCR5 -CXCR4 cells. 
When tested separately on CD4 -CCR5 -CXCR4 cells, R5 and X4 

inhibitors do not fully block dual tropic virus infection. Susceptibility 
to fusion inhibitors can be measured in CD 4 cells expressing one or both 
co-receptors. The IC50s of X4 , R5 and fusion inhibitors vary when a 
single virus is tested on different cell lines and correlate with 
co-receptor expression. In a given cell line, the IC50s of R5, X4 and 
fusion inhibitors vary up to 40-fold among drug naive viruses. The assay 
can evaluate envelope proteins from a variety of HIV-1 subtypes (A, B, C, 
D, F, G) . This study demonstrates that X4 , R5 co-receptor tropism and 
virus entry inhibitor susceptibility are 

amenable to evaluation with recombinant virus assays. This rapid, 
convenient assay can also be used to measure antibody neutralization 
elicited by HIV vaccine candidates. 
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Human immunodeficiency virus type 1 (HIV-1) is known for its 
infect immune cells, including T-cells and macrophages. The 
Vpr, a virion-associated protein-, is essential for viral replication in . 
monocytes/macrophages and increases viral replication in primary and 
established T-cell lines. The Vpr protein regulates a number of host 
cellular events, including proliferation, differentiation, apoptosis, 
cytokine production, and NF-kappaB-mediated transcription. Most of these 
functions have been analyzed using either endogenous Vpr protein or cells 
transfected with a Vpr expression plasmid. We developed a lentiviral 
vector complemented with a Vpr expression plasmid that results in viral 
particles packaged with Vpr protein. To facilitate identification of the 
target cells infected with the particles containing Vpr, we fused green 
fluorescent protein (GFP) with the Vpr open reading frame and analyzed the 
biology of this novel particle. Vpr itself is expressed as a 14-kDa 
protein; however, in vitro translation of the pVpr-GFP plasmid resulted in 
the expression of 3 9-kDa fusion protein. The fusion 

molecule exhibited the same activity in arresting the cell cycle in G2 as 
does the wildtype Vpr molecule. Subcellular localization of Vpr and 
Vpr-GFP by immunof luoresence in human and murine cell lines indicated that 
Vpr by itself or with the reporter GFP showed a peri-nuclear staining 
pattern. ' Replication kinetics showed no significant difference between 
Vpr-GFP and native complemented pseudovirus replication in a 
single-round infectivity assay. A flow cytometry analysis of peripheral 
blood lymphocytes and macrophages infected with Vpr-GFP-packaged virions 
and selected by GFP showed 56.7% infectivity for lymphocytes and 84.6% 
infectivity for macrophages. Additional analysis of CD24 (HSA) -positive 
cells showed infection of CD4+ cells, macrophages, and, importantly, 
dendritic cells. This system will allow us to identify specific cell 
populations including antigen-presenting cells, and allow quantitative 
analysis of the precise effect of Vpr on both target and bystander cells 
in vitro as well as in vivo. 
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AB Mouse mammary tumor virus (MMTV) is a betaretrovirus that infects rodent 
cells and uses mouse transferrin receptor 1 for cell entry. To 
characterize the interaction of MMTV with its receptor, we aligned the 
MMTV envelope surface (SU) protein with that of Friend murine leukemia 
virus (F-MLV) and identified a putative receptor-binding domain (RBD) that 
included a receptor binding sequence (RBS) of five amino acids and a 
heparin-binding domain (HBD) . Mutation of the HBD reduced virus 
infectivity, and soluble heparan sulfate blocked infection of cells by 
wild-type pseudovirus. Interestingly, some but not all 

MMTV-like elements found in primary and cultured human breast cancer cell 
lines, termed h-MTVs, had sequence alterations in the putative RBS. 
Single substitution of one of the amino acids found in an h-MTV RBS 
variant in the RBD of MMTV, Phe40 to Ser, did not alter species tropism 
but abolished both virus binding to cells and infectivity. Neutralizing 
anti-SU monoclonal antibodies also recognized a glutathione S-transf erase 
fusion protein that contained the f ive-amino-acid RBS region from 
MMTV. The critical Phe40 residue is located on a surface of the MMTV RBD 
model that is distant from and may be structurally more rigid than the 
region of F-MLV RBD that contains its critical binding site residues. 
This suggests that, in contrast to other murine retroviruses, binding to 
its receptor may result in few or no changes in MMTV envelope protein 
conformation . 
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AB To enter its target cells, human immunodeficiency virus (HIV) must 

interact with CD4 and one of a family of chemokine receptors. CCR5 is 
widely used by the virus in this context, and its ligands can prevent HIV 
entry. Amino- terminal modified chemokine variants, in particular 
AOP-RANTES (aminooxypentane -linked regulated on activation normal T cell 
expressed and secreted), exhibit enhanced HIV entry inhibition. We have 
previously demonstrated that a non-allelic isoform of macrophage 
inflammatory protein (MIP) -lalpha, termed MlP-lalphaP, is the most active 
naturally occurring inhibitor of HIV entry known. Here we report the 
properties of a variant of MlP-lalphaP with an AOP group on the amino 
terminus. We show that, like RANTES, the addition of AOP to MlP-lalphaP 
enhances its interactions with CCR1 and CCR5, allows more effective 
internalization of CCR5 , and increases the ligand's potency as an 
inhibitor of HIV entry through CCR5 . Importantly, AOP-MIP-lalphaP is 
about 10-fold more active than AOP-RANTES at inhibiting HIV entry, making 
it the most effective chemokine-based inhibitor of HIV entry through CCR5 
described to date. Surprisingly, the enhanced receptor interactions of 
AOP-MIP-lalphaP do not translate into increased chemotaxis or coupling to 
calcium ion fluxes, suggesting that this protein should be viewed as a 
partial, rather than a full, agonist for CCR1 and CCR5 . 
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AB Background: Two of the fusion inhibitors T-2 0 and 5-helix polypeptide have 
been shown to be potent inhibitors of cell-to-cell fusion and are 
currently under investigation as therapy for HIV-1. Objectives: To 
examine variability of HIV-1 gp41 heptads repeat regions (HR1 and HR2) , 
with special emphasis on the presence of T-20 resistance mutations and 
5-helix variability at critical epitopes, in treatment -naive patients 
infected with diverse HIV-1 subtypes from different geographic regions. 
Methods: A total of 150 specimens representing HIV-1 group M subtypes 
(A-G) from persons naive to HIV-1 viral entry inhibitor therapy were used 
to amplify and sequence a 506 bp segment of transmembrane protein. 
Results: In general, both HR1 (a. a. 540-593) and HR2 (a. a. 628-673) 
domains were highly conserved. Sequence analysis of the T-2 0 resistant 
domain (a. a. 547-549, GIV) revealed that 99% of the specimens (149 of 150) 
carried a T-20 sensitive genotype. The critical epitopes involved in the 
5-helix interaction include residues at positions 628W, 631W, 6351, 638Y, 
6421, 645L, 649S, 652Q, 656N, and 659E. Analysis of the 150 specimens 
revealed that all had identical residues at six of these positions, 
whereas two positions had minor variations (63 5 and 649) and two (645 and 
659) appeared to have subtype-specific substitutions. Conclusions: This 
data indicates that there is limited resistance to T-20 in these worldwide 
populations and that the critical epitopes for effective 5-helix binding 
are highly conserved across all subtypes. Taken together, these data 
suggest that T-20 and 5-helix should provide useful additives to current 
antiretroviral therapy for clinical management of HIV disease. 
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AB Inhibitors of HIV-1 entry disrupt interactions between the viral envelope 
proteins (gpl20SU, gp41TM) and the cell surface receptor (CD4) , or 
co-receptors (CCR5, CXCR4) . To accelerate the development of these 
promising new drugs, and to assist physicians in the selection of 
appropriate treatment regimens, a recombinant virus assay was developed to 
assess entry inhibitor susceptibility and co-receptor tropism. The assay 
is performed by: a) generating HIV-1 particles that carry a firefly 
luciferase gene and are pseudotyped with patient virus encoded envelope 
proteins, b) infecting cells expressing CD 4 plus CCR5 and/or CXCR4 , and c) 
measuring luciferase production resulting from a single round of virus 
replication. Co-receptor tropism (X4, R5, dual) is defined by assessing 
the ability of the pseudotyped viruses to infect CD4-CCR5 or CD4-CXCR4 
cells. Dose dependent inhibition of R5 virus infection by R5 inhibitors 
is measured using CD4-CCR5 or CD4 -CCR5 -CXCR4 cells. Similarly, inhibition 
of X4 virus infection is measured using CD4-CXCR4 or CD4 -CCR5 -CXCR4 cells. 
When tested separately on CD4 -CCR5 -CXCR4 cells, R5 and X4 x inhibitors do 
not fully block dual tropic virus infection. Susceptibility to fusion 
inhibitors can be measured in CD 4 cells expressing one or both 
co-receptors. The IC50s of X4 , R5 and fusion inhibitors vary when a 
single virus is tested on different cell lines and correlate with 
co-receptor expression. In a given cell line, the IC50s of R5 , X4 and 
fusion inhibitors vary up to 40-fold among drug naive viruses. The assay 
can evaluate envelope proteins from a variety of HIV-1 subtypes (A, B, C, 
D, F, G) . This study demonstrates that X4 , R5 co-receptor tropism and 
virus entry inhibitor susceptibility are 

amenable to evaluation with recombinant virus assays. This rapid, 
convenient assay can also be used to measure antibody neutralization 
elicited by HIV vaccine candidates 
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selected entry inhibitors in HIV-infected populations worldwide. 
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AB Measles virus (MV) constitutes a principal cause of worldwide mortality, 
accounting for almost 1 million deaths annually. Although a 
live-attenuated vaccine protects against MV, vaccination efficiency of 
young infants is low because of interference by maternal antibodies. 
Parental concerns about vaccination safety further contribute to waning 
herd immunity in developed countries, resulting in recent MV outbreaks. 
The development of novel antiviral s that close the vaccination gap in 
infants and silence viral outbreaks is thus highly desirable. We 
previously identified a microdomain in the MV fusion protein (F protein) 
that is structurally conserved in the paramyxovirus family and constitutes 
a promising target site for rationally designed antivirals. Here we 
report the template-based development of a small-mol. MV inhibitor, 
providing proof -of -concept for our approach. This lead compound 
specifically inhibits fusion and spread of live MV and MV 
glycoprotein- induced membrane fusion. The inhibitor induces negligible 
cytotoxicity and does not interfere with receptor binding or F protein 
biosynthesis or transport but prevents F protein- induced lipid mixing. 
Mutations in the postulated target site alter viral sensitivity to 
inhibition. In silico docking of the compound in this microdomain suggests 
a binding model that is exptl. corroborated by a structure-activity anal, 
of the compound and the inhibition profile of mutated F proteins. A 
second-generation compound designed on the basis of the interaction model 
shows a 200 -fold increase in antiviral activity, creating the basis for 
novel MV therapeutics. This template-based design approach for MV may be 
applicable to other clin. relevant members of the paramyxovirus family. 
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AB The orphan seven transmembrane domain receptor, APJ, can function as a 

coreceptor for cellular infection by the HIV virus. The establishment of 
cell lines that coexpress CD4 and APJ provide valuable tools for 
continuing research on HIV infection and the development of ant i -HIV 
therapeutics . 
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AB The orphan seven transmembrane domain receptor, APJ, can function as a 

coreceptor for cellular infection by the HIV virus. The establishment of 
cell lines that coexpress CD 4 and APJ provide valuable tools for 
continuing research on HIV infection and the development of anti-HIV 
therapeutics . 
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AB Compns . and methods are provided for the treatment or prevention of 

respiratory syncytial virus (RSV) disease by modulating RSV infection and 
immunity. In particular, amino acid sequences in the RSV G glycoprotein, 
containing the chemokine motif defined as C-X-X-X-C (or CX3C) , are identif i 
that are essential in causing RSV infection and disease. The chemokine 
motif is found at amino acid positions 182-186 of native RSV G 
glycoprotein, and binds to the CX32C receptor (RX3CR1) on the surface of 
human and animal cells. The chemokine motif is biol. active and 
participates in virus binding to and infection of 

susceptible cells . The prevention or treatment of RSV infection is 
achieved by interfering with the motif, such as by administering a vaccine 
in which the motif is altered or by administration or induction of 
blocking mols. that inhibit the biol. activity of the motif. Thus, 
peptides containing the CX3C motif and all or a biol. active or immunogenic 
portion of the amino acid sequence VPCSICSNNPTC, TCWAICKRIPNK, or 
NKKPGKKTTTKP are shown to (1) inhibit >90% of RSV infection of susceptible 
cells, (2) inhibit >90% of G glycoprotein CX3C binding to CX3CR1, and (3) 
inhibit RSV plaque formation. 
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AB The orphan seven transmembrane domain receptor, APJ, can function as a 

coreceptor for cellular infection by the HIV virus. The establishment of 
cell lines that coexpress CD4 and APJ provide valuable tools for , 
continuing research on HIV infection and the development of ant i -HIV 
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AB The invention relates to a reporter virus based on lentiviruses , 
rhabdoviruses or foamy viruses. Such a reporter virus is 
pseudotyped using envelope proteins from f laviviruses , especially the 
hepatitis C virus, paramyxoviruses, orthomyxoviruses, arenaviruses and 
hepadnaviruses . Pseudotyping may be achieved using fragments or 
fusion products of the pseudotyping envelope protein. 

The invention also relates to methods for discovering substances which act 
against viral infections, and to methods for producing the 
reporter virus. Human and simian immunodeficiency viruses were 
pseudotyped with the envelope protein of hepatitis C virus. 
This was achieved by cotransf ormation of 293T cells with vectors for the 
lentivirus, with a deletion of the env gene and replacement of the nef 
gene with a reporter gene, and an envelope protein 
expression plasmid. The pseudotyped virus could infect the 
hepatocyte-derived HepG2 cell line. 
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AB Human immunodeficiency virus type 1 (HIV-1) is known for its 

ability to infect immune cells, including T-cells and macrophages. The 
96-amino acid Vpr, a virion-associated protein, is essential for viral 
replication in monocytes /macrophages and increases viral replication in 
primary and established T-cell lines. The Vpr protein regulates a number 
of host cellular events, including proliferation, differentiation, 
apoptosis, cytokine production, and NF-kappaB-mediated transcription. 
Most of these functions have been analyzed using either endogenous Vpr 
protein or cells transfected with a Vpr expression plasmid. We developed 
a lentiviral vector complemented with a Vpr expression plasmid that 
results in viral particles packaged with Vpr protein. To facilitate 
identification of the target cells infected with the particles containing 
Vpr, we fused green fluorescent protein (GFP) with the Vpr open reading 
frame and analyzed the biology of this novel particle. Vpr itself is 
expressed as a 14-kDa protein; however, in vitro translation of the 
pVpr-GFP plasmid resulted in the expression of 39-kDa fusion 
protein. The fusion molecule exhibited the same activity in 
arresting the cell cycle in G2 as does the wildtype Vpr molecule. 
Subcellular localization of Vpr and Vpr-GFP by immunof luoresence in human 
and murine cell lines indicated that Vpr by itself or with the reporter 
GFP showed a peri -nuclear staining pattern. Replication kinetics showed 
no significant difference between Vpr-GFP and native complemented 
pseudovirus replication in a single-round infectivity assay. A 
flow cytometry analysis of peripheral blood lymphocytes and macrophages 
infected with Vpr-GFP-packaged virions and selected by GFP showed 56.7% 
infectivity for lymphocytes and 84.6% infectivity for macrophages. 
Additional analysis of CD24 (HSA) -positive cells showed infection of CD4+. 
cells, macrophages, and, importantly, dendritic cells. This system will 
allow us to identify specific cell populations including 

antigen-presenting cells, and allow quantitative analysis of the precise 
effect of Vpr on both target and bystander cells in vitro as well as in 
vivo . 
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The human immunodeficiency virus (HIV) fusion 
inhibitor siamycin I, a 21-residue tricyclic peptide, was 
identified from a Streptomyces culture by using a cell fusion 
assay involving cocultivation of HeLa-CD4+ cells and monkey kidney 
(BSC-1) cells expressing the HIV envelope gpl60 . Siamycin I is 
effective against acute HIV type 1 (HIV-1) and 

HIV-2 infections, with 50% effective doses ranging from 0.05 to 

5.7 mu-M, and the concentration resulting in a 50% decrease in cell 

viability in the absence of viral infection is 150 mu-M in CEM-SS cells. 

Siamycin I inhibits fusion between C8166 cells and CEM-SS cells 

chronically infected with HIV (50% effective dose of 0.08 mu-M) 

but has no effect on Sendai virus -induced fusion or murine 

myoblast fusion. Siamycin I does not inhibit gpl20 binding to 

CD4 in either gpl20- or CD4-based capture enzyme-linked immunosorbent 

assays. Inhibition of HIV-induced fusion by 

this compound is reversible, suggesting that siamycin I binds 
noncovalently . An HIV-1 resistant variant was selected by in 
vitro passage of virus in the presence of increasing concentrations of 
siamycin I. Drug susceptibility studies on a chimeric virus 
containing the envelope gene from the siamycin I-resistant variant 
indicate that resistance maps to the gpl60 gene. Envelope-deficient 
HIV complemented with gpl60 from siamycin I-resistant HIV 
also displayed a resistant phenotype upon infection of 

HeLa-CD4-LTR-beta-gal cells. A comparison of the DNA sequences of the 
envelope genes from the resistant and parent viruses revealed a total of 
six amino acid changes. Together these results indicate that siamycin I 
interacts with the HIV envelope protei 
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The design and characterization of a chimeric protein, termed 
NCCG-gp41, derived from the ectodomain of human immunodeficiency virus ( 
HIV) , type I gp41 is described. NCCG-gp41 features an exposed 
trimeric coiled-coil comprising the N-terminal helices of the gp41 
ectodomain. The trimeric coiled-coil is stabilized both by fusion 
to a minimal thermostable ectodomain of gp41 and by engineered 
intersubunit disulfide bonds. NCCG-gp41 is shown to inhibit HIV 
envelope -mediated cell fusion at nanomolar concentrations with 
an IC50 of 16.1+-2.8 nM. It is proposed that NCCG-gp41 targets the 
exposed C- terminal region of the gp41 ectodomain in its pre-hairpin 
intermediate state, thereby preventing the formation of the fusogenic form 
of the gp41 ectodomain, which comprises a highly stable trimer of hairpins 
arranged in a six-helix bundle. NCCG-gp41 has potential as a therapeutic 
agent for the direct inhibition of HIV cell entry, as an anti- 
HIV vaccine, and as a component of a rapid throughput 
assay for screening for small molecule inhibitors of 
HIV envelope -mediated cell fusion. It is anticipated 
that antibodies raised against NCCG-gp41 may target the trimeric 
coiled-coil of N-terminal helices of the gp41 ectodomain that is exposed 
in the pre-hairpin intermediate state in a manner analogous to peptides 
derived from the C-terminal helix of gp41 that are currently in clinical 
trials . 
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AB We describe a stable and sensitive HIV evaluation system, which 
discriminates HIV-specific membrane fusion and early 
transcription events and is suitable for high -throughput inhibitor 
screening. A human lymphocytic line, constitutively producing infectious 
HIV-1, serves as Env-pos . donor. A second indicator cell line carries a 
silent HIV-1 LTR lacZ reporter plasmid. A bicellular 
cocultivation setup allows titration and standardization of "fusion 
-induced gene stimulation (FIGS) " events. With few manipulations aspects 
of fusion and/or LTR induction can be distinguished and 
simultaneously assayed. Anti-Env-V3 anti -bodies prevent fusion 
and subsequent lacZ induction, and a Tat-specific inhibitor blocks only 
lacZ induction in a dose dependent manner without affecting membrane 
fusion. The LTR reporter is readily activated by Tat 
from HIV-1, HIV- 2, or SIV and it responds to exogenous Tat 
protein. The reporter system is sensitive enough to detect 
single infection events on pre-seeded layers of indicator cells, which 
renders it potentially useful for direct virus quantification in patients' 
material. Moreover, our system allows to control and normalize DNA 
transfection efficiencies of HIV-derived plasmids. This aspect is 
particularly valuable for studies of RT- and protease-inhibitors and 
resistances, where p24 or supernatant reverse transcriptase, otherwise 
standard virus readouts, can be directly affected by inhibitors or mutations. 
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AB A method of controlling infection by killing infected cells is 
described. more fusion proteins that includes a transduction 
domain and a cytotoxic domain. The method uses fusion proteins 
of cytotoxins and a protein that directs entry into the cell (a 
transduction domain) . The cytotoxic domain is specifically activated by a 
pathogen infection, e.g. by being processed by an infection-specific 
protease. Activation of the cytotoxin effectively kills or injures cells 
infected by one or a combination of different pathogens. The cytototoxin 
may be a protease or a prodrug-activating enzyme such as a thymidine 
kinase. In particular the method is directed at the treatment of HIV 
infection. Suitable transduction domains can be obtained from, inter 
alia, the tat protein, the Antennapedia gene product, and VP22 of 
herpes simplex virus . The method appears to 

be effective in transporting very large proteins into cells and can also 
tolerate a significant degree of unfolding or incorrect folding. A 
fusion protein of the TAT transduction domain and human caspase 3 
(CPP-32) was shown to be effective at killing HIV-infected cells. The 
effect was blocked by the HIV proteinase inhibitor Ritonavir, 
and mutation of the active site cysteine to methionine. 
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AB A transient transf ection-fusion assay was established 

to investigate membrane fusion mediated by pseudorabies virus (PrV) 
glycoproteins. Plasmids expressing PrV glycoproteins under control of the 
immediate-early 1 promoter-enhancer of human cytomegalovirus were 
transf ected into rabbit kidney cells, and the extent of cell fusion was 
quantitated 27 to 42 h after transf ection . Cotransf ection of plasmids 
encoding PrV glycoproteins B (gB) , gD, gH, and gL resulted in formation of 
polykaryocytes, as has been shown for homologous proteins of 
herpes simplex virus type 1 (HSV-1) . However, 

in contrast to HSV-1, fusion was also observed when the gD-encoding plasmid 
was omitted, which indicates that PrV gB, gH, and gL are sufficient to 
mediate fusion. Fusogenic activity was enhanced when a carboxy- terminally 
truncated version of gB (gB-008) lacking the C-terminal 29 amino acids was 
used instead of wild-type gB . With gB-008, only gH was required in addition 
for fusion. A very rapid and extended fusion was observed after 
cotransf ection of plasmids encoding gB-008 and gDH, a hybrid protein 
consisting of the N-terminal 271 amino acids of gD fused to the 590 
C-terminal amino acids of gH. This protein has been shown to substitute 
for gH, gD, and gL function in the resp. viral mutants. Cotransf ection of 
plasmids encoding PrV gC, gE, gl , gK, and UL20 with gB-008 and gDH had no 
effect on fusion. However, inclusion of a gM-expressing plasmid strongly 
reduced the extent of fusion. An inhibitory effect was also observed after 
inclusion of plasmids encoding gM homologs of equine herpesvirus 1 or 
infectious laryngotracheitis virus but only in conjunction with expression 
of the gM complex partner, the gN homolog. Inhibition by PrV gM was not 
limited to PrV glycoprotein-mediated fusion but also affected fusion 
induced by the F protein of bovine respiratory syncytial virus, indicating 
a general mechanism of fusion inhibition by gM. 
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AB Varicella-zoster virus (VZV) is distinguished from herpes 
simplex virus type 1 (HSV-1) by the fact that 

cell-to-cell fusion and syncytium formation require only gH and gL within 
a transient-expression system. In the HSV system, 4 glycoproteins, 
namely, gH, gL, gB, and gD, are required to induce a similar fusogenic 
event. VZV lacks a gD homologous protein. In this report, the role of 
VZV gB as a fusogen was investigated and compared to the gH-gL complex. 
First of all, the VZV gH-gL experiment was repeated under a different set of 
conditions; namely, gH and gL were cloned into the same vaccinia virus 
(W) genome. Surprisingly, the new expression system demonstrated that a 
recombinant W-gH+gL construct was even more fusogenic than seen in the 
prior experiment with two individual expression plasmids containing gH and gL. 
Recombinant W expressing VZV gB by itself, however, effected the 
formation of only small syncytia. When VZV gE and gB genes were cloned 
into one recombinant W genome and another fusion assay 

was performed, extensive syncytium formation was observed The degree of 
fusion with VZV gE-gB coexpression was comparable to that observed with VZV 
gH-gL: in both cases, >80% of the cells in a monolayer were fused. Thus, 
these studies established that VZV gE-gB coexpression greatly enhanced the 
fusogenic properties of gB . Control expts . documented that the 
fusion assay required a balance between the fusogenic 

potential of the VZV glycoproteins and the fusion- inhibitory effect of the 
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The effect of dextran sulfate and related compds . on the fusion of 
influenza A virus with model membranes, composed of 

dioleylphosphatidylcholine and cholesterol (1:0.5),' was investigated by a 
fusion assay based on dequenching of fluorescence of 

octadecylrhodamine-HCl (R18) . Dextran sulfate samples of mol . weight of 
500,000, 8000, and 5000 were found to be potent inhibitors of 
the virus -liposome fusion process. Polygalacturonic acid also showed 
antifusion activity, but to a lesser extent. Uncharged dextran, pos . 
charged diethylaminoethyldextran, and the monomer glucosamin-1 , 6-disulf ate 
were ineffective. It was shown that dextran sulfate interacts with the 
virus. The results suggest that dextran sulfate binds to and inactivates 
the viral fusion protein. 
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AB 4-GU-DANA (zanamivir) (as well as DANA and 4 -AM-DANA) was found to inhibit 
the neuraminidase activity of human parainfluenza virus type 3 (HPF3) . 
The viral neuraminidase activity is attributable to hemagglutinin- 
neuraminidase (HN) , an envelope protein essential for viral attachment and 
for fusion mediated by the other envelope protein, F. While there is no 
evidence that HN's neuraminidase activity is essential for receptor 
binding and syncytium formation, we found that 4-GU-DANA prevented 
hemadsorption and fusion of persistently infected cells with uninfected 
cells. In plaque assays, 4-GU-DANA reduced the number (but not the area) c 
plaques if present only during the adsorption period and reduced plaque 
area (but not number) if added only after the 90-min adsorption period. 
4-GU-DANA also reduced the area of plaques formed by a 

neuraminidase -def icient variant, confirming that its interference with 
cell-cell fusion is unrelated to inhibition of neuraminidase activity. 
The order-of -magnitude lower 50% inhibitory concns . of 4-GU-DANA (and also 
DANA and 4 -AM-DANA) for plaque area reduction and for inhibition in the 
fusion assay than for reducing plaque number or blocking 
hemadsorption indicate the particular efficacy of these sialic acid 
analogs in interfering with cell-cell fusion. In cell lines expressing 
influenza virus hemagglutinin (HA) as the only viral 

protein, we found that 4-GU-DANA had no effect on hemadsorption but did 
inhibit HA2b-red blood cell fusion, as judged by both lipid mixing and 
content mixing. Thus, 4-GU-DANA can interfere with both influenza 
virus- and HPF3 -mediated fusion. The results indicate that (i) in 
HPF3, 4-GU-DANA and its analogs have an affinity not only for the 
neuraminidase active site of HN but also for sites important for receptor 
binding and cell fusion and (ii) sialic acid-based inhibitors of 
influenza virus neuraminidase can also exert a direct, 

neg". effect on the fusogenic function of the other envelope protein, HA. 
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